1. Previous literature
Urban water cycle
The supply of drinking water is a basic need for the development of towns and villages. However, the water consumption in populated areas alters water fluxes, thus impacting ecosystems and resulting in degradation (UNESCO, 2006) . Studies focused on urban metabolism, which is the sum of technical and socio-economic processes in cities, consider the water cycle as one of the main fluxes within cities (Kennedy, 2011) .
The consumption of water generates important environmental impacts because of the abstraction, treatment and transport of water (Vince et al., 2008; Racoviceanu et al., 2007) . The urban water cycle (UWC) comprises different stages, from water abstraction to its discharge to environment after use. First, water is extracted from the surface or groundwater and is transported to the drinking water treatment plant (DWTP), where it is treated to reach the necessary quality to be suitable for drinking. Then, it is transported through the principal network (transport) and the secondary network (distribution) to the consumption points around the urban area. Once in the urban area, water is used for drinking and domestic uses in houses and buildings as well as for a wide range of activities (e.g., industry, services). After its use, the water is collected and transported to the waste water treatment plant, where it is depurated to the necessary quality to be released back into nature (Figure 1 ) (UNESCO, 2006) . Nonetheless, this schema can vary depending on the specific case. Among the environmental impacts generated by the consumption of water, greenhouse gas (GHG) emissions are of paramount interest. Sharma et al. (2008) analysed the GHG emissions released within the construction and operation of the UWC infrastructures in a residential area of 86,000 inhabitants, which generated 16,000 to 24,000 t of CO 2 eq./year. A similar study by Friedrich et al. (2009) for 200,000 residents obtained values of 6,000 to 10,000 t of CO 2 eq./year. Another study, by Muñoz et al. (2010) , for a broader area presented emissions of 1.5 to 2.5 t of CO 2 eq./m 3 of supplied water. The results presented in these articles show the great variability of values and functional units. Therefore, a top-down study comparing a representative sample of cases and providing average values for the consumption of water and energy would be of interest.
This article focuses on the drinking water transport and distribution network (DWTDN), which includes the transport of drinking water from the DWTP to the consumption point ( Figure 1 ). Similarly to the UWC state of the art, studies focused on this subject present great variability, although they have shown that the reduction of DWTDN-related environmental impacts is of interest. According to the results found in articles that focus on one case study network, the DWTDN can represent between 20 and 40% of the total UWC impacts (Amores et al., 2013; Lemos et al., 2013) . However, a report from Griffiths-Sattenspiel & Wilson (2009) analysing the UWC energy consumption in the USA (including consumption in households) shows that the environmental impacts of the DWTDN can represent between 3 and 24% of the energy consumption required to supply water. This study will assess more cases in Europe, providing data for contrast and analysing the factors that generate such a wide range of results.
Moreover, the state of the art of UWC focused on this subject presents a great variability, although it has shown that the reduction of DWTDN environmental impacts is of interest. For example, according to Amores et al. (2013) and Lemos et al. (2013) , the DWTDN can represent between 20 and 40% of the total UWC impacts, while Griffiths-Sattenspiel and Wilson (2009) reported that the environmental impacts of the DWTDN can represent between 3 and 24% of the energy consumption required to supply water.
Drinking water transport and distribution network
The DWTDN system consists of a series of stages the water has to cover, from the first water storage tank just after the drinking water treatment plant (DWTP) to the consumption point. Its life cycle can be divided in two main blocks: construction (production, transport, installation and end of life) and operation (use and maintenance) ( Figure 2 ). The factors influencing the environmental impacts of the construction phase can be determined and generalised for all networks. The most relevant factors are the length of the network, the pipe material used and the dimensions of the trench for installation (Sanjuan-Delmás et al., 2013) . In contrast, the use phase depends on factors whose influence is not as clear, such as the geographical location of the network elements, the urban form and the economic activity in the area. This results in large variations among the resource consumption of different networks. It must also be highlighted that the cost of the energy for pumping water is not significant compared with other expenses, such as the cost of the soil. Thus, urban planning has not been optimised for water transport; rather, it has evolved by disregarding this factor . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 To address this great variability of the use phase, it was decided that it should be analysed separately. The environmental impacts of the DWTDN construction phase have been assessed previously by Sanjuan-Delmás et al. (2013) .
The maintenance phase includes operations such as internal coating of the pipes, rehabilitation, replacement of smaller parts of a pipeline, repair and inspection. The environmental impact these operations generate is relevant when the grid is stagnant, because there is no impact of DWTDN construction (Venkatesh & Brattebø, 2012) . Nevertheless, previous studies have concluded that the resource consumption of the maintenance phase is negligible compared with the energy consumed to pump water (Venkatesh & Brattebø, 2011; Piratla et al, 2012; Del Borghi et al, 2013) . For this reason, the maintenance phase was not considered in this study.
This article aims to address the environmental impacts of the use stage, and thus, the remaining elements of the DWTDN life cycle were excluded from the scope of the study. Figure 3 shows a diagram of the DWTDN and the boundaries of the system under study. The use phase can account for a large percentage of the UWC energy consumption (60 to 91%; Stokes & Horvath, 2006) . The most characteristic feature of this phase is the electricity consumption required to pump water through the DWTDN. Previous results have presented a large variation and represent a significant part of the environmental impacts, for example, 17.2% of the UWC energy consumption (Venkatesh & Brattebø, 2011) and 98% of the DWTDN environmental impacts (Piratla et al., 2012) . Moreover, the environmental impacts derived from water pumping have a great potential for reduction by, for instance, increasing the share of renewable energies in the electricity mix (Mohapatra, 2002) . To provide more information about the use phase of the DWTDN and the variability of results observed in previous studies, this article assesses the use phase with data from 50 real cases.
The energy consumption for pumping water has a strong relation with urban planning (Filion, 2008) as well as with orography and the sequence of urban structure development. The greater the difference in height or the longer the distance between the consumption point and the DWTP, the greater the increase in energy needed to pump water. The same is true for the form of urban planning and the initial estimations made. Thus, this energy consumption will differ from one municipality to another depending on the location of the elements of the network in the territory and their adaptation along time. Another factor to take into account is that this energy for pumping increases with the aging of the network due to increased roughness of the pipe (Filion et al., 2004 ) and factors such as more frequent leakages.
If the orography of the area allows it, the transport of water through the DWTDN can be accomplished by gravity, without, or with relatively little, energy consumption. When this is not possible, the use of more sustainable energy sources to generate the electricity required to pump the water may help reduce the environmental impacts of the DWTDN. For instance, the main contribution to the environmental impacts of the DWTDN in the city of Alexandria was the generation of electricity with fossil fuels (Mahgoub et al., 2010) .
Finally, one important issue regarding the environmental impacts of the DWTDN is the loss of water through the network by leakages (Friedrich et al., 2009) . Losing water increases the environmental impacts of the water supply system because, on the one hand, it increases the volume of water treated and the energy consumed to transport it and, on the other hand, because of the loss of resources. In Europe, there are great differences in the percentage of water lost through the urban water cycle, varying from less than 5% (Germany) to 50% (Bulgaria). For Spain, approximately 20% of the water is lost (European Environmental Agency, 2003) . Although these are estimates, it is clear that there is great potential for the reduction of water consumption by reducing the amount of water lost.
Having observed the high variability of use phase environmental impacts in previous literature; this study aims to analyse, correlate and model the relevant variables that influence the environmental impacts of the DWTDN use phase by means of the assessment of a representative sample of 50 municipalities. The following specific objectives have been considered in the study:
 To obtain data about the electricity and water consumption of the DWTDN as well as different factors affecting the environmental impacts of the supply network use phase.  To assess the data dispersion reported from GHG emissions observed in the literature.  To assess the relevance and potential connections between the main factors affecting the environmental impacts of the DWTDN. 
Materials and methods

Sample of municipalities and variables
The use phase of the DWTDN was assessed through a statistical analysis based on data from 50 Spanish municipalities for the year 2011. These data were provided by Agbar (2013) through its databases CONTEC (CONTEC ©, 2012) and GISAgua (GISAgua ©, 2012) . Because all the data come from the same database, the methodology for their collection is consistent for the entire sample. All data utilised regarding the 50 municipalities are detailed in Supplementary table A.
In terms of size, the range of municipalities included in the sample is within the most common in Spain. Indeed, small to medium-sized municipalities (smaller than 50,000 inhabitants) represent more than 98% of Spanish towns (INE, 2011) . The municipalities belong to the two major climates in Spain according to the Köppen classification system: Mediterranean (the vast majority of the Spanish territory) and Oceanic (north and north-west). Table 1 shows the variables considered in the statistical analysis. Non-registered water is considered an approximation of water loss. However, this variable includes other components. As seen in Table 2 , apparent losses, customer metering inaccuracies and unmetered consumption are also included in the non-registered water. The relative variables included in the statistical analysis have been divided by the inhabitants supplied by the network in each municipality, the length of the network (km) or the cubic meters of water registered at households. Table 1 . Explanation of the variables and the clusters in the statistical assessment
Variable* Unit Explanation
Inhabitants supplied Number Number of permanent inhabitants supplied in the municipality.
Length of the transport network km Length of network from the first water storage tank after the DWTDN to the water storage tank prior to the distribution network (see Figure 3 ).
Length of the distribution network km Length of the network from the water storage tank after the transport network to the households (see Figure 3 ).
Population density Inhabitant/ km 2 Number of inhabitants supplied over the total area within the legal limits of the municipality (km 2 ).
Seasonality -Population of the municipality supplied in peaks over the population permanently supplied (absolute number).
Electricity consumption kWh/year Electricity required to pump water supplied through the network (total per municipality).
CO2 emissions kg CO2 GHG emissions derived from producing the electricity required for the transport of water.
Water supplied m 3 /year Quantity of water metered at the exit of the water tank located after the DWTP (see Figure 3 ).
Water registered m 3 /year Quantity of water measured by the flow meters installed in the households of the municipality. 
Comparison of the statistical parameters by clusters
To evaluate which factors have an influence on the environmental impacts of the DWTDN, a preliminary selection was done. Population size, seasonality, population density, climate, location and gross income per capita were selected for the assessment. For each of these factors, the sample was grouped according to the criteria stated in Table 3 , and the resulting clusters were analysed through its summary statistics (mean, standard error) for relative variables of interest.
Regarding population size, the distinction between small and large municipalities varies depending on the country and the specific area. In Spain, previous literature shows that the number of inhabitants considered for the grouping of cases varies depending on the goal and scope of the study. In this paper, municipalities below 10,000 inhabitants (small) and between 10,000 and 50,000 inhabitants (medium) were considered. The same limits were used in Goerlich & Mas (2004) and Díaz (2006) .
The variations in the population and, thus, in the amount of water delivered over the year will have an impact on the network usage and ageing. For instance, pressure fluctuations could occur because of the changes in the amount of water extracted from the network due to variations in the number of consumers, which might increase breakages. Seasonality has been defined as inhabitants supplied in peaks over permanent inhabitants supplied by a network. In Spain, highly touristic municipalities are expected to be seasonal because their populations increase substantially during summer. To group the sample in clusters, the median (1.2) was established as the limit between seasonal and non-seasonal.
The effect of population density on the environmental impacts is unclear because although the distance to be covered is longer when the population density is low, higher pressures are needed to pump water to the top of buildings when the population density is high. Additionally, less densely populated areas usually show higher water consumption per inhabitant due to the higher amounts of water consumed in private gardens and swimming pools (Saurí and Cantó, 2008) . Additionally, in this case, the median (90 inhabitants/km 2 ) was considered as the limit between high and low density populations .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Additionally, 2 qualitative factors were included in the assessment: the climate (Mediterranean and Oceanic) and the location (coastal or inland).
To compare the means, t-tests were conducted by adjusting the p value with the Bonferroni correction. Levene's test was conducted, and homogeneity of the variance was not assumed when positive (<0.05). These methods are commonly used and accepted in statistics. For graphical representations, in order to better represent relations between variables, scatter plots were used for the representation of continuous variables (size, population density and seasonality), and box plots were used for nominal variables (location and climate).
Environmental impacts
The environmental impacts were considered through the GHG emissions derived from the electricity consumption of the network use phase. The emissions were calculated using the software Simapro 7.3 (PRé Consultants, 2010) and the calculation method CML 2 baseline 2000 (Guinée et al. 2001 ) for the global warming potential impact category. The environmental information from Ecoinvent 2.2 (Ecoinvent, 2009) was used, adapting the Spanish electricity mix for 2011 (IEA, 2014) .
Correlation between variables and regression models
Pearson correlations between the variables considered (Table 1) were calculated. When values were higher than 0.3, the variables were considered to hold a certain correlation between them.
Based on the results obtained for the correlations, regression models were defined with the main variables influencing the environmental impacts of the DWTDN as dependent variables. The significance was tested through one-way ANOVA, which is a commonly used method.
To validate the models, each equation was applied by utilising data from the cases of the sample. The estimations obtained were compared with the real values, and the resulting errors were calculated.
Results and discussion
3.1. Clusters by size, location, climate, density, seasonality and income per capita Table 3 shows a comparison of the mean values and the standard errors obtained by grouping the data into clusters for relative variables that were considered relevant for the environmental impacts of the network. The criteria for the aggrupation of the cases were stated in section 3.2.
The results show that size, location and density might have an influence on the relative electricity consumption of the DWTDN, because the means of their clusters are significantly different. Similarly, seasonality would have some influence on the registered water consumption per inhabitant. Despite not being statistically significant, the mean values of climate clusters present great differences for the relative electricity consumption, and their assessment can also be of interest.
To see the relations between clusters showing significant differences more clearly, they were represented graphically. The resulting graphs are shown in Figure 4 .
Regarding the clusters by size, it can be observed that small municipalities have nearly 14 times higher average electricity consumption than medium-sized municipalities, which indicates that population size most likely has an influence on the electricity consumption of the network. The scatter plot in Figure 4 shows that all medium municipalities (from 10,000 to 50,000 inhabitants) have an annual value below 3.79E-3 kWh/m 3 of registered water·km of network. In contrast, small municipalities present a much wider range of values, with the mean value being 3 times higher than that of medium municipalities. This might indicate that the relative consumption tends towards a narrower range of values, which is altered in small-sized towns by case-specific factors. These factors would lose relevance in medium municipalities due to the larger quantity of water demanded, which dilutes these alterations. Additionally, higher energy consumptions in smaller municipalities might be explained by a scale economy effect; a higher number of inhabitants would then imply a relatively more efficient use of resources.
Towns with a low population density present a relative electricity consumption 7 times higher than towns with a high population density. The scatter plot in Figure 4 shows that all the municipalities with high consumptions have relatively low population densities. Note that cases above 1E-1 kWh/m For a hypothetical network 20 km in length, the average electricity consumption for water distribution would represent 3 and 33% of the energy consumption of drinking water with reverse osmosis and ultrafiltration as treatments, respectively (Vince et al., 2008; pumping not considered). For the case presented in Racoviceanu et al. (2007) , the electricity consumption for water distribution would reach 50% (not considering pumping). This shows that the distribution of water can account for a significant percentage of the water supply electricity consumption. No significant differences were observed regarding the water demand, although previous literature has proved that higher consumptions occur with less densely populated areas (Saurí and Cantó, 2008) . This relation might have been found if smaller areas of clearly low and high population densities were analysed instead of the average value of the municipality, given that a municipality can be heterogeneously distributed along the territory.
The clusters by location show that although inland municipalities have, on average, higher electricity consumption than coastal municipalities (nearly 7 times higher), their mean values (Figure 4) do not show clear differences. The coastal cluster presents a much lower dispersion, most likely due to the relatively smaller number of cases (10 coastal, 40 inland). Thus, the assessment of a large sample would clarify whether this difference is truly significant. One main explanation for these lower consumptions in coastal municipalities would be a more common application of gravity for the transport of water, which would reduce the need for electricity to transport water. Additionally, coastal towns are usually settled in flatter locations (frequently in alluvial plains), and thus, less energy is required to pump the water to the households.
Similarly, the Mediterranean climate municipalities show a relative electricity consumption nearly 7 times higher than that of the Oceanic municipalities. This could be explained by the higher availability of water in Atlantic areas, which would allow the supply of water from more accessible places. However, the box plot in Figure 4 also shows that the clusters' medians are similar in this case. The Oceanic cluster has a smaller dispersion, most likely due to the lower number of cases (4 Oceanic, 46 Mediterranean). The assessment of a greater number of municipalities with an Oceanic climate would again allow the confirmation or dismissal the differences observed.
The average GHG emissions derived from the network electricity consumption (5.53 kg/inhabitant·year) would represent between 2 and 3% of the UWC emissions in the case study in Sharma et al. (2008) and between 11 and 18% of the case study in Friedrich et al. (2009) . These percentages are reasonably consistent with the range of values found in other studies analysing the whole UWC. Venkatesh & Brattebø (2011) found that water pumping represented 17% of the UWC energy consumption. Lemos et al. (2013) and Amores et al. (2013) found higher percentages for the contribution of the supply network to the environmental impacts of the UWC (between 20 and 40%), which can partially be explained because these studies also included the network infrastructure. However, considering the lowest and highest values found in the sample, the resulting percentages of the UWC GHG emissions for the prior case studies might vary from less than 1% to more than twice the UWC emissions.
Thus, the differences among the results found in previous literature are consistent with the values observed in this study and are due to the wide range of electricity consumptions that can be found for different cases. Apart from the variables under study, which might affect the electricity consumption, there is an inherent variability due to the specific conditions of each case. As stated in section 1.2, apart from the location of the elements within the territory, urban planning also influences the energy consumption of the network (Filion et al., 2004; 2008) as well as its development along time. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 A 50% higher water consumption value was found for seasonal municipalities (those with a large difference between the population supplied in peaks and permanently supplied) compared with the non-seasonal municipalities. This might be due to the presence of more water demanding activities in more seasonal municipalities linked with tourism. The scatter plot in Figure 4 shows that most of the cases with a seasonality value above 1.3 hold higher water consumptions. Additionally, when the 10 cases farther from the regression line are excluded, the main cloud shows a certain linear relation between the two variables considered (R 2 =0.45). Therefore, there is weak evidence of a link between water consumption and seasonality. Further studies on the issue might clarify this relation.
The rest of the clusters analysed do not show significant differences in the water registered per inhabitant. This shows that the water demand might not be affected by the variables considered (population size, seasonality, population density, climate, location and gross income per capita). Indeed, the water consumption in dwellings and other facilities depends mostly on its residents' decisions rather than on the characteristics of the municipality where they are located. Nevertheless, some public policies can encourage water savings among the population in areas suffering from drought. In this case, Mediterranean and Oceanic climates present nearly equal water consumptions, although the Mediterranean areas are prone to drought.
For non-registered water, no significant differences were found for any of the factors assessed. As stated in section 3.1, non-registered water can be affected by different elements, such as inaccuracies in the flow metering and illegal connections to the network. Thus, although there might be differences between the clusters regarding the water loss, these differences would be diluted. In fact, the average value for m 3 of nonregistered/m 3 of registered water is approximately 0.7, which means the water loss
should be approximately 40%. This result contrasts with other values found in the literature that indicate a 20% loss for Spanish municipalities (European Environmental Agency, 2003) . Therefore, there is every likelihood that other factors, such as unmetered consumption, influence non-registered water (Table 2). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Table 4 shows the correlations between the variables included in the study.
Correlations between variables
The results show that the amount of registered water is highly correlated with population density (0.57). However, as stated in section 4.1, population density is also related to the number of inhabitants (larger cities are usually more densely populated). Thus, the correlation with registered water would only mean that more densely populated municipalities tend to be larger and have greater demands. Indeed, it can be observed that population density also has a certain correlation with the number of inhabitants supplied.
Regarding the length of the network, two different variables were considered: the transport length and the distribution network length (see Figure 3 and section 3.1). The distribution network shows a high correlation with the number of inhabitants, which is logical because this network carries water to households, and thus, many divisions will be required to reach the streets of municipalities. A similar correlation can be observed between the distribution network and the water registered. This is due to the high correlation between the number of inhabitants and the registered water (0.91) stated above.
In contrast, the transport network does not show significant correlations with any of the variables considered, with the registered water or with the population supplied. This length depends, in fact, on the location of the municipality in relation to the DWTP because its function is to transport water from this plant to the distribution network. Hence, this lack of correlation can be considered reasonable.
It can be observed that electricity consumption is not correlated with the number of inhabitants supplied or with the length of the network. This means that larger populations (with larger networks) do not necessarily have greater electricity demands, even though they do have larger networks and greater water consumptions. As seen in section 4.1, small and less densely populated municipalities tend to present a wide range of relative electricity consumptions due to their specific circumstances, usually linked with the location of the elements of the network in the territory, thus justifying this general lack of correlation.
No significant correlations were found for seasonality, non-registered water and gross income per capita. The correlation between non-registered water and other variables can be explained by its high correlation with registered water. Apart from that, these variables would not be influenced by any of the others included in the study. .86** .48**
Non-registered water (m 3 )
.56** *p<0.05. **p<0.01
Coloured-shaded cells indicate significant correlation: light grey (0.3≤|r|≤0.5). dark grey (0.5<|r|≤0.65). black (|r|>0.65)
Regression models
This section presents regression models for the prediction of registered water (m 3 ), the length of the distribution network (km) and electricity consumption (kWh) based on the results of the previous section. These are relevant variables that influence the environmental impacts of the DWTDN.
Registered water is highly correlated with the number of inhabitants, which is an easily accessible value in any municipality. For this reason, a regression model, linear in this case, was defined for the prediction of registered water (RW), with the number of inhabitants (NI) as the independent variable (1).
The overall model is significant (p<0.01), and the coefficient of determination (R 2 ) is 0.82. The regression line was forced to cross the (0.0) coordinates because the constant was not significant (p>0.05) and to improve accuracy.
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Validation of the models
To assess the accuracy of the models proposed in section 4.3, a model validation was conducted using the original data from the cases under study (section 3.3; Supplementary table A). The results of the validation are shown in Table 5 .
It can be observed that for model 1 (prediction of water demand), the error is below 50% for 90% of the cases included in the sample. The validation of models 2 and 3 (prediction of the network length) resulted in approximately 60% of the cases having an error below 50% and nearly all the cases having an error below 90%. Models 4 and 6 present significantly higher errors. Only 20 and 30% of the cases, respectively, show an error below 50%. For both models, an error below 70% was found for 40% of the cases, and an error below 90% was found for 70% of the cases. This shows that these models might be useful to obtain a rough estimation of the value, but its accuracy is limited. Estimations resulting in values higher than 7.4E-2 kWh/ m 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65 Electricity is a more difficult element to measure than water, and the measurement errors can be greater, which can lead to higher differences among the cases. Moreover, electricity can present a wider range of values, including municipalities transporting water by gravity with nearly zero consumption. These characteristics make modelling electricity consumption difficult.
To facilitate future statistical studies for the provision of more accurate data and models, a protocol for data collection in water supply networks should be implemented by organisations managing the water supply. This protocol should include all the variables considered in the study as well as others potentially affecting the environmental impacts of the network.
A thorough assessment of some case studies might provide more accurate information about the relation between energy consumption and other variables and might be able to successfully model these relations. However, this task falls outside the scope of this study, which aims to make a top-down assessment of and provide general information about drinking water supply networks from a representative sample of cases.
Conclusions
This study obtained average values of electricity consumption, GHG emissions and water demand in municipalities below 50,000 inhabitants (e.g., 7.45E-3 kWh/m 3 registered water·km of network, 5.53 kg CO2 emissions/inhabitant·year, 73.9 m 3 /inhabitant) for the DWTDN operational phase. These data will be useful in future studies, especially for contrasting the environmental impacts of the supply network operational phase with those of UWC case specific studies or assessments of other UWC stages.
The analysis also provided information about the potential influence of factors such as population size and density on the environmental impacts of the DWTDN operational phase.
Because small municipalities (<10,000 inhabitants) have lower absolute water and energy demands, case specific factors affecting their electricity consumption have a greater relative weight. Thus, the size of the municipality can affect its relative electricity consumption, which is bound to be higher in small compared with medium municipalities (10,000-50,000 inhabitants). In the sample, small municipalities present values, on average, nearly 14 times larger than those of medium municipalities (1.15E-2 as opposed to 8.3E-4 kWh/m 3 registered water·km of network). A similar relation was found for population density. Due to the relatively longer distances water has to cover, less densely populated municipalities present higher relative electricity consumption (on average, approximately 7 times higher).
The quantity of GHG emissions derived from the electricity consumption of the sample cases are consistent with the values found in previous literature. Although varied, the results from previous articles (Sharma et al., 2008; Friedrich et al., 2009; Venkatesh & Brattebø, 2011; Lemos et al., 2013; Amores et al., 2013) are within the range of values observed in this study. The differences among these results can be explained by the specificity of each case study; this paper provides average values that can be used in future studies to avoid considering such specific conditions.
Additionally, six models were defined for the prediction of water demand, length of the network and electricity consumption. In contrast with water and length of the network, only a rough approximation was reached with the model for the prediction of electricity consumption (R 2 =0.41), because electricity is more difficult to measure and presents a wider range of values. In the future, companies managing water supply should implement a protocol for the collection of data in order to model this variable more accurately.
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